Word count for Abstract: 192 16 Word count for text: 3376 17 18 2 Abbreviations 19 AP: alkaline phosphatase 20 BHK-21: baby hamster kidney fibroblast 21 ELISA: enzyme-linked immunosorbent assay 22 FBS: fetal bovine serum 23 HEK293T: human embryonic kidney 293T 24 HRP: horseradish peroxidase 25 JEV: Japanese encephalitis virus 26 mAb: monoclonal antibodies 27 NT: neutralization test 28 OD: optical density 29 OPD: o-phenylenediamine dihydrochloride 30 PAGE: polyacrylamide gel electrophoresis 31 PBS: phosphate buffered saline 32 PCR: polymerase chain reaction 33 PEG: polyethylene glycol 34 SDS: sodium dodecyl sulfate 35 SPs: subviral particles 36 Abstract 42 43 Tick-borne encephalitis virus (TBEV) is a zoonotic agent causing severe 44 encephalitis in humans. A wide range of animal species could be infected with TBEV in 45 endemic areas. A serological survey of wild animals is effective in identifying 46 TBEV-endemic areas. Safe, simple, and reliable TBEV serodiagnostic tools are needed 47 to test animals. In this study, ELISA was developed to detect anti-TBEV specific 48 antibodies in multi-species of animals, using recombinant subviral particles (SPs) with 49 an affinity tag and protein A/G. A Strep-tag was fused at the N terminus of the E protein 50 of the plasmid coding TBEV prME. The E proteins with Strep-tag were secreted as SPs, 51 of which Strep-tag was exposed on the surface. The tagged E proteins were associated 52 with prM. The SPs with Strep-tag were applied as the antigen of ELISA, and 53 TBEV-specific antibodies were detected by the protein A/G. Compared to neutralization 54
Introduction
. Commercial ELISA kits are applicable 86 mainly to infection in humans. A commercial ELISA kit for a wide range of animal 87 species is currently available, but it is somehow expensive. Therefore, it is important to 88 develop a safe and simple serological diagnostic method that could be applied to a wide 89 range of animal species. 90 The expression of the entire prM and E genes are secreted as membrane-bound 91 subviral particles (SPs) (Allison et al., 1995) . The SPs consist of a viral envelope 92 without a nucleocapsid or genomic RNA. Because SPs maintain antigenicity similar to 93 that of authentic virions, they have been applied as substitutes for infectious virions in 94 serological diagnosis (Ferlenghi et al., 2001; Ikawa-Yoshida et al., 2011; Obara et al., 95 2006) . 96 In this study, we constructed recombinant SPs in which the affinity tag, 97 was expressed on the surface. Furthermore, the SPs with Strep-tag (Strep-SPs) were 98 applied to a new serodiagnostic ELISA that could detect anti-TBEV antibodies in a 99 wide range of animal species by using protein A/G. The ELISA was evaluated by 100 comparing the results with those from the NT.
Detection of the E proteins by ELISA.
The TBEV-E proteins in the cells and culture 156 supernatant were treated with or without 1% Triton X-100 and detected by sandwich precipitated using a Strep-Tactin Sepharose beads kit (IBA, Gottingen, Germany) for 4 179 h at 4 -polyacrylamide gel electrophoresis 180 (PAGE) and western blotting analysis. The proteins on the membranes were incubated 181 with the anti-prM (1:300) and anti-E antibodies (1:750), followed by the AP-conjugated 182 secondary antibody (1:10,000).
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Bands were visualized using the AP detection kit (Merck, Darmstadt, Germany) were judged to be positive for neutralizing antibodies against TBEV. To identify TBEV endemic areas, it is important to conduct a serological survey of 285 wild animals (Yoshii et al., 2011) . NT is the serodiagnostic method used to detect 286 TBEV-specific antibodies regardless of animal species, but it requires time and a 287 high-level of biocontainment for its application. Therefore, the application of SPs could 288 be a useful approach to developing a serological diagnosis in a wide range of species 289 without high-biosafety facilities. In this study, we prepared recombinant SPs of TBEV 290 with the Strep-tag and applied them to serodiagnostic ELISA for TBEV-infected human 291 and wild rodent sera.
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The flavivirus E proteins have been shown to be important for immunodiagnostic (Allison et al., 1995; Fonseca et al., 1994; Mason et al., 1991; Pincus et al., 1992) . The The sequence for the Strep-tag was fused to the N' terminus of the E protein. 
